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a b s t r a c t
Although patients with schizophrenia have severe memory impairments and emotional deﬁcits, studies
investigating emotional memory modulation (EMM) in schizophrenia show contradictory results,
possibly due to methodological differences and small group size. We investigated whether impaired
EMM is already present in First Episode Psychosis (FEP) and whether impairments in EMM are task or
stimulus dependent. Forty-ﬁve FEP and thirty-seven Healthy Control (HC) male participants matched for
age performed visual and verbal short-term (immediate recall) and long-term (after 24 h recognition)
memory tasks with neutral, negative and positive stimuli. On all tasks overall memory performance for
FEP was signiﬁcantly below that of HC. Although EMM varied by task and type of stimulus, none of the
tasks showed a difference in EMM between FEP and HC. There were no differences between FEP and HC
in the way emotion modulates different memory domains. This could mean that EMM is spared in the
early course of schizophrenia.
& 2015 Elsevier Ireland Ltd. All rights reserved.
1. Introduction
Memory deterioration and emotional disturbances have been
recognized as core features of schizophrenia since the early
descriptions of the disease (Bleuler, 1916). More recent meta-
analyses conﬁrmed these impairments in both overall memory
(Aleman et al., 1999; Mesholam-Gately et al., 2009) and emotional
domains (Marwick and Hall, 2008) in patients with schizophrenia.
In Healthy Controls (HC) memory is facilitated by emotional
compared to neutral stimuli when using words, pictures or faces
as stimuli (Kensinger and Corkin, 2003; LaBar and Cabeza, 2006;
Kohler et al., 2010). It has been suggested that in schizophrenia
there are disturbances in the effective integration of emotion and
cognition (Herbener et al., 2008; Becerril and Barch, 2011).
Anticevic and Corlett (2012) argue that cognitive and emotional
impairments not only interact, but at the neural level share
important pathophysiological features, such that disruptions
caused by schizophrenia can affect both processes and the inter-
action between these processes (Anticevic and Corlett, 2012).
Consolidation is a key mechanism for memory formation. It
entails the transformation of the initially fragile state of memories
into stable, retrievable memory traces (McGaugh, 2000). On the
psychological level the formation of memory can be described as
the sequence of an event, the encoding of the event, the con-
solidation of the encoded event and by that the ﬁxation of a
memory which can be retrieved later on (Nadel et al., 2012). On
the cellular level the process of consolidation seems to be based on
long-term potentiation in the hippocampus and the subsequent
induction of protein synthesis (McGaugh, 2000). Consolidation is a
time-dependent process and the results of many different experi-
ments suggest that sleep has an important role in successful
memory consolidation (Mednick et al., 2011). Animal and human
research indicates that emotionally signiﬁcant experiences acti-
vate hormonal and brain systems that regulate the consolidation
of newly acquired memories (Roozendaal and McGaugh, 2011;
McReynolds and McIntyre, 2012). Anatomical research has
detected that the amygdala, a key structure of emotional proces-
sing, inﬂuences the hippocampus, a key structure of memory
formation through efferent projections deriving from the basolat-
eral amygdala to the dentate gyrus of the hippocampus. Excitatory
activity of these projection increase the amount and duration of
long-term potentiation (Frey and Morris, 1997) and dendritic
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protein synthesis (Lee et al., 2009). On the psychological level this
process may cause information which would normally be forgot-
ten to be stored in LTM when associated with emotional arousal
(Bergado et al., 2011). There is a growing body of the literature on
disturbances in the effect emotion has on memory in patients with
schizophrenia. Emotional memory modulation is usually operatio-
nalized as the difference between the number of emotional stimuli
(negative or positive) that are remembered in a memory task,
compared to the number of remembered neutral stimuli
(Dieleman and Roder, 2013).
Several studies have investigated emotional memory modula-
tion (EMM) in patients with schizophrenia. Although two thirds of
studies investigating EMM found no differences in EMM between
patients with schizophrenia and HC, the remaining studies provide
clues that EMM in schizophrenia is affected differently in short
(STM) and long-term memory (LTM) (Dieleman and Roder, 2013).
In patients with schizophrenia disturbances in EMM are found
three times more often in tasks investigating LTM (Calev and
Edelist, 1993; Hall et al., 2007; Herbener et al., 2007) than in tasks
examining STM (Koh et al., 1976, 1981; Neumann et al., 2007; Lakis
et al., 2011). Since consolidation is the main difference between
short and long-term memory tasks , this suggests that an impor-
tant problem with EMM in schizophrenia lies at the level of
consolidation, similar to the disturbances in non-emotional mem-
ory found in schizophrenia (Manoach and Stickgold, 2009).
Studies investigating EMM in schizophrenia mostly consist of
chronic patients of both genders. However, it has been shown that
memory for emotional stimuli differs between men and women
(Glaser et al., 2012) and this is accompanied by differences in brain
processes as revealed by event-related potentials (Glaser et al.,
2012). Several studies have shown that memory for emotional
stimuli is inﬂuenced by the menstrual cycle (Nielsen et al., 2013)
or the use of oral contraceptives (Nielsen et al., 2011). Neuroima-
ging ﬁndings have elucidated that during encoding of emotionally
charged stimuli men have a stronger activation of the right and
women of the left amygdala (Canli et al., 2002; Cahill et al., 2004).
Age at onset in schizophrenia is usually later in women than in
men (van der Werf et al., 2012) and both age (Addis et al., 2010)
and gender (Tsai et al., 2012) inﬂuence memory performance. To
reduce confounding inﬂuences we decided to investigate only
male First Episode Psychosis patients (FEP).
There is some evidence that memory impairments are related
to psychopathology (Lysaker et al., 2000), but numerous studies
found no relation between disturbances in EMM and psycho-
pathology of patients (Dieleman and Roder, 2013). Impairments in
EMM in both the visual (Hall et al., 2007; Herbener et al., 2007;
Neumann et al., 2007; Lakis et al., 2011) and verbal (Koh et al.,
1976, 1981; Calev and Edelist, 1993) domains are reported, how-
ever there are no studies comparing these two types of stimuli for
both STM and LTM within the same sample.
The aim of our study was to investigate three different aspects
of EMM in patients with schizophrenia, 1) whether impairments in
EMM are present in FEP, 2) are possible impairments differently
present in long or short-term memory, 3) are possible impair-
ments differently present in the verbal or visual domain. To
answer these questions, we tested long and short-term visual
and verbal memory in a group of male FEP and compared their
performance to age and gender matched HC.
2. Methods
2.1. Participants
Forty-nine male patients were recruited at the Department of Psychiatry of the
Erasmus Medical Center in Rotterdam, The Netherlands (see also Table 1). All
patients met criteria for schizophrenia (either at time of testing or after 6 months of
follow-up). Diagnoses were based on clinical consensus by expert clinicians (CR and
NvB) and conﬁrmed using the Structured Clinical Interview for DSM-IV Axis I
(SCID-I) (First et al., 2002). Inclusion criteria were normal or corrected vision and
age between 18 and 30. Because we only wanted to include recent-onset
schizophrenia patients, we excluded patients with illness duration of more than
5 years counting from the occurrence of either positive symptoms or clear
limitations in social or occupational functioning. This method yields a relatively
long duration of illness when compared with assessing only positive symptoms.
Mean duration of illness was 14.8 months (S.D. 16.9 months). Four patients were
excluded for not performing all tasks. Mean age in years was 23.3 (S.D. 4.0 years).
34 out of 45 FEP were using anti-psychotic drugs at the time of testing (see also
Table 1). Other exclusion criteria for patients were: any co-morbid psychiatric or
neurologic disorder including substance related disorders, use of more than one
anti-psychotic drug and IQ below 75. To asses current psychopathology, we used
the Positive and Negative Syndrome Scale (PANSS, Kay et al., 1987) as a general
psychopathology indicator. We used the Scale for the Assessment of Negative
Symptoms (SANS, Andreasen, 1983) and the Scale for the Assessment of Positive
Symptoms (SAPS, Andreasen, 1984) to measure current negative and positive
psychopathology more speciﬁcally (see Table 1 for psychopathology ratings). SCID,
SANS, SAPS and PANSS assessments were performed by S.D. who received yearly
training. The Dutch 20-item version Subjective Well-being under Neuroleptics scale
(SWN, Haan de et al., 2002) was used to evaluate well-being. The Dutch Adult
Reading Test (DART) (Schmand et al., 1991) was used to estimate premorbid verbal
intelligence and the Raven Progressive Matrices (Raven, 2006) was used for non-
verbal intelligence.
Male HC were recruited through advertisements on internet and word-of-
mouth referrals. Mean age was 23.1 years (S.D. 4.3 years). Additional exclusion
criteria for HC were: presence of any psychiatric disorder including substance
abuse disorders or presence of a ﬁrst or second generation family member with a
past or present psychotic disorder.
Because of methodological problems when trying to match patients with
schizophrenia with HC on variables such as education and intelligence (Meehl,
1970), we decided not to try to match HC with patients on level of education. Due to
the high percentage of second-generation immigrants in our patient population,
measures of socio-economic status or education of parents would not correctly
represent possible differences in intelligence.
This study was part of a larger project investigating the interaction between
emotion and cognition in FEP over two consecutive days. On both days all
participants ﬁrst performed the verbal memory task, second the visual memory
task and ﬁnally an attention task, assessments and interviews. All participants gave
informed consent and the study was conducted in compliance with the Helsinki
Declaration and the regulations regarding Good Clinical Practice in the European
Community (GCP) and in concordance with the current National Regulations. The
protocol was reviewed and approved by the Medical Ethical Committee of
Erasmus MC.
2.2. Materials and procedure
Visual emotional memory was tested using pictures from the International
Affective Picture System (IAPS) (Lang et al., 2005). Two sets of 60 pictures each (20
neutral, 20 negative and 20 positive) were selected. The two sets were matched for
valence and for content (same number of pictures featuring humans, animals,
objects, etc.) (see Supplementary Materials: list S1 for the stimuli). The IAPS
provides normative scores based on the Self-Assessment Manikin (SAM), ranging
from 1 (very negative) to 9 (very positive) (Lang et al., 2005). Mean male normative
Table 1
Demographic and clinical data of participants.
First Episode Psychosis
patients (S.D.)
Healthy Controls
(S.D.)
N 45 37
Age (years)n.s. 23.3 (4.0) 23.1(4.3)
Education (years) nnn 7.3(1.6) 8.7(1.6)
DART IQnnn 93.44(8.6) 101.8(8.5)
Raven IQnn 102.1(17.2) 115.1(18.9)
SWNnnn 83.3(15.7) 96.5(10.1)
PANSS total 58.5(15.0)
SANS 39.2(21.8)
SAPS 18.2(15.5)
Chlorpromazine equivalents
(n¼34)
263(168)
Duration off illness
(months)
14.8 (16.9)
Differences were calculated using independent sample t-tests: n.s. not signiﬁcant.
nn po0.01.
nnn po0.001.
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valence ratings were: set 1: neutral 5.05 (S.D. 0.51), negative 2.62 (S.D. 0.45),
positive 7.08 (S.D. 0.63) and set 2: neutral 5.01 (S.D. 0.52), negative 2.62 (S.D. 0.58),
positive 7.27 (S.D. 0.60). Subjects were seated in a well-lit soundproof room at
approximately 60 cm distance from the 19 in. computer screen where stimuli were
presented. Pictures were all resized to a size of 21.61 horizontally and 16.31
vertically. Tasks were programmed with “Presentation” 13.1 software (NBS Inc,
2006). On day 1 participants were explicitly instructed to passively view 60
pictures and to remember as many pictures as possible for a memory test
immediately after presentation and for a memory test the next day. Stimuli were
presented once in pseudorandom order; there were never more than three stimuli
of the same emotion presented in succession to prevent mood induction effects.
Stimuli were presented for 4 s with a blank screen shown between the slides for
1 s. Participants were not told that the test was designed to measure emotional
memory modulation.
Recall was tested immediately after presentation of the slides. Participants had
5 min to vocally describe as many photographs as possible with sufﬁcient detail for
the investigator to attribute the description unambiguously to one speciﬁc slide.
Descriptions not clearly linked to one speciﬁc slide were not counted.
On day 2 recognition memory was tested. Participants were shown the 60
previously seen photographs and 60 new photographs in pseudo-random order. For
half the participants the photographs from set 1 were the targets and the
photographs from set 2 were the distracters. For the others half of the participants
set 2 were targets and set 1 were distracters. Participants were required to indicate
whether they had seen the photograph the previous day by pressing one of two
keyboard buttons. After each photograph, the stimuli were rated on the computer
for valence and arousal using the 9-point SAM (Bradley and Lang, 1994). To reduce
learning effects and minimize the burden on participants on day 1, participants did
not perform a recognition task on day 1. To reduce fatigue effects on day 2, we
decided to only test recognition memory combined with the valence and arousal
ratings and not also do a recall test.
The same procedure was used to test verbal memory. Two lists of 60 words
each (20 neutral, 20 negative and 20 positive), matched for affect rating and
number of letters were selected from the list of words created by Hermans and
Dehouwer, (1994). Mean normative valence ratings on a seven point scale ranging
from 1 “very negative” to 7 “very positive” were: list 1: neutral 4.03 (S.D. 0.27),
negative 1.97 (S.D. 0.34), positive 5.85 (S.D. 0.26) and list 2: neutral 4.12 (S.D. 0.30),
negative 1.96 (S.D. 0.32), positive 5.95 (S.D. 0.39). Words were presented in the
Helvetica font with a size of 1.41 vertically and between 3.81 and 9.51 horizontally.
On day 1 participants passively viewed list 1 or 2 in pseudorandom order and were
instructed to remember the words for the memory tests. Immediately after
presentation there was a verbal recall test. On day 2 we performed a recognition
test were the words from the other list were the distracters and all words were
rated for valance and arousal using the 9-point SAM immediately after
presentation.
2.3. Statistical analyses
Valence and arousal ratings from FEP were compared to HC ratings by category
of stimuli (neutral, negative and positive) using independent sample t-tests. Short-
term memory performance was deﬁned as percentage of correct free recall for
verbal and visual stimuli. Signal detection models were used to analyze the long-
term memory data. We calculated the A-prime-score which takes into account the
percentage of hits and false alarms (Stanislaw and Todorov, 1999). The formula for
A-prime is:
0:5þ HFð Þ 1þHFð Þð Þ= 4H 1Fð Þð Þ
when HZF, and
0:5 FHð Þ 1þFHð Þð Þ= 4F 1Hð Þð Þ
when HoF.
Statistical tests were performed using SPSS version 21 (PASW 2013). Data of
stimulus ratings and memory performance were analyzed with mixed model
repeated measurement ANOVA's. Signiﬁcant effects were Huynh–Feldt corrected
because Mauchly's W. was 40.750 for most data and signiﬁcant effects were
further evaluated with post-hoc t-tests. Signiﬁcance level was set at 0.05.
To investigate the inﬂuence of clinical variables on test performance, we
calculated exploratory Pearson correlation coefﬁcients between clinical variables
and overall visual and verbal performance on the STM (percentage correctly
remembered stimuli) and LTM (A-prime score). Bonferroni corrected signiﬁcant
correlations were followed up for the different emotional conditions.
3. Results
Participants did not differ in age (see also Table 1). DART and
Raven IQ and level of education were lower in FEP, while SWN
score was higher in FEP compared to HC. We compared the
medicated (MFEP, n¼34) and unmedicated FEP (UFEP, n¼11)
groups for demographic variables and performance to see whether
our results were inﬂuenced by medication status. We found no
differences in performance between MFEP and UFEP on the four
different memory tasks and no interactions between medication
status and EMM. See Supplementary Materials 3 for the analysis.
We concluded that medication did not inﬂuence emotional mem-
ory modulation in our sample and therefore all patients could be
analyzed together as one group.
3.1. Valence and arousal ratings
There were no differences for valence ratings between HC and
FEP (See also Supplementary material Table S1). Valence scores
and standard deviations for visual stimuli were similar to the
mean male normative valence ratings. HC rated the negative visual
stimuli as more arousing than the FEP (FEP 5.01, HC 6.01, t(3.090),
p¼0.003), for all other stimulus categories there was no difference
between groups.
3.2. Visual memory
We performed a mixed model repeated measurement ANOVA
for percentage recalled stimuli in the STM task. As expected, FEP
performance was below HC (F(1,81)¼42.272, po0.001, partial
η2¼0.346). There was a main effect for emotion (F(2,80)¼
23.428, po0.001, partial η2¼0.227), post-hoc t-tests revealed that
accuracy was better in both negative (0.38%) and positive (0.38%)
compared to neutral stimuli (0.29%, both po0.001), but not
between positive and negative (see also Fig. 1, upper right). There
was no interaction between group and emotion (F(2,80)¼0.270,
p¼0.764).
For visual long-term recognition we performed a similar
ANOVA for A0 values. FEP (A0 0.84) performed worse than HC (A0
0.93) (F(1,81)¼21.495, po0.001, partial η2¼0.212). The emotion
effect was also signiﬁcant (F(2,80)¼12.974, po0.001, partial
η2¼0.140); performance on negative trials (A00.90) was better
than on neutral (A0 0.88, p¼0.010) and positive trials (A0 0.86,
po0.001), but there was no difference between neutral and
positive trials (see also Fig. 2). There was no interaction between
group and emotion (F(2,80)¼1.130, p¼0.326).
3.3. Verbal memory
We performed the same mixed model repeated measurement
ANOVA as described for visual memory. In the verbal STM task FEP
performed worse than HC (F(1,81)¼16.192, po0.001, partial
η2¼0.168). There was a main effect for emotion (F(2,80)¼5.609,
p¼0.009, partial η2¼0.066), post-hoc t-tests revealed that accu-
racy was lower in negative (0.18%) compared to positive (0.26%,
po0.001), but not compared to neutral words (0.22%) (see also
Fig. 1, upper left). There was no signiﬁcant interaction between
group and emotion (F(2,80)¼1.587, p¼0.212).
FEP (A0 0.66) performed worse on verbal LTM than HC (A00.73)
(F(1,81)¼10.718, p¼0.002, partial η2¼0.118). For verbal LTM there
was no emotion effect (F(2,80)¼1.852, p¼0.160) and no interac-
tion between group and emotion (F(2,80)¼0.871, p¼0.421, see
also Fig. 2).
3.4. Effect of stimulus type
To investigate the effect of stimulus type on STM, we per-
formed a mixed model repeated measurement ANOVA with
emotion and stimulus (verbal, visual) as within-subject variables
and group as between-subjects factor for percentage recalled
stimuli. Performance for visual (0.35%) was better than for verbal
(0.21%) stimuli (F(1,81)¼146.168, po0.001, partial η2¼0.646).
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There was also a main effect for emotion (F(2,80)¼11.014,
po0.001, partial η2¼0.121); performance on positive (0.32%)
was better than on neutral (0.26%, po0.001) and negative
(0.28%, p¼0.001) trials, but the last two did not differ. We found
a main effect for group (F(1,81)¼38.075, po0.001, partial
η2¼0.322). The emotion by stimulus interaction was signiﬁcant
(F(2,80)¼11.174, po0.001, partial η2¼0.123). Visual STM perfor-
mance was better in both negative (0.38%) and positive (0.38%)
compared to neutral (0.29%, both po0.001) stimuli, verbal STM
performance was lower in negative (0.18%) compared to positive
(0.26%, po0.001), but both did not differ from neutral words
(0.22%). There was no three-way interaction between group,
emotion and stimulus (F(2, 80)¼1.476, p¼0.233).
For LTM we performed the same ANOVA for A0. Again, perfor-
mance for visual (A0 0.88) was better than for verbal (A0 0.69) stimuli
(F(1,81)¼254.702, po0.001, partial η2¼0.761) . The main effect for
emotion (F(2,80)¼5.649, p¼0.004, partial η2¼0.066.) was caused by
worse performance on positive (A0 0.77, both po0.05) compared to
negative (A0 0.79) and neutral trials (A0 0.79) (see also Fig. 2). The
emotion by stimulus interaction was signiﬁcant (F(2,80)¼3.956,
p¼0.021, partial η2¼0.047): for visual LTM performance on negative
(A0 0.90) was better than on neutral (A0 0.88, p¼0.010) and positive
trials (A0 0.86, po0.001) while for verbal LTM there were no
difference between the three emotions. Again no three-way interac-
tion between emotion, stimulus and group was found (F(2,80)¼
0.203, p¼0.817).
3.5. Short vs. long-term
To compare short and the long-term visual memory we used
hit rate instead of A0 for LTM because it is more similar to
percentage correctly remembered words used in the STM task.
We performed a repeated measurement ANOVA with emotion and
delay (STM, LTM) as within-subject variables and group as
between-subjects factor for percentage recalled stimuli. A main
effect for delay was present (F(1,81)¼597.998, po0.001, partial
η2¼0.882). The interaction between delay and group was also
signiﬁcant (F(1,81)¼4.806, p¼0.031, partial η2¼0.057): the
increase in performance for LTM compared to STM is larger in
Fig. 1. Performance of HC and FEP on the 4 separate memory tasks. Legend: Performance for the different emotional conditions for healthy controls (HC) and ﬁrst episode
psychosis patients (FEP) for all experimental conditions. STM¼short-term memory and features percentage correctly recalled stimuli with standard errors, LTM¼ long term
memory and features Hit Rates with standard errors.
Fig. 2. Signal detection: A-prime score for the long term memory tasks. Legend:
A-prime performance with standard errors for the different emotional conditions
for healthy controls (HC) and ﬁrst episode psychosis patients (FEP) for the long
term memory tasks.
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HC than in patients with schizophrenia. We found no interaction
between emotion, delay and group (F(2,80)¼0.628, p¼0.531).
We used the same procedure for verbal memory and found a
main effect for delay (F(1,81)¼231.468, po0.001, partial
η2¼0.743). The interactions between delay and group (F(1,81)¼
2.221, p¼0.140) and between delay, group and emotion (F(2,80)¼
0.784, p¼0.456) were not signiﬁcant.
Finally, a repeated measurement ANOVA with emotion (neu-
tral, negative and positive), stimulus (verbal, visual) and delay
(STM, LTM) as within-subject variables and group (HC, FEP) as
between-subjects factor was performed. There was an interaction
between delay, stimulus and emotion (F(2,80)¼14.181, po0.001,
partial η2¼0.151), showing that the way emotion modulates
memory, depends on both stimulus type and delay as can also
be seen in Fig. 1. There was no interaction between group and
delay, stimulus and emotion (F(2,80)¼1.280, p¼0.281); there is no
difference between FEP and HC in the way emotion modulates
different memory domains.
3.6. Correlations
In the FEP group we found a correlation between SANS total
score and percentage correctly remembered stimuli for the visual
STM task (r¼0.473, p¼0.001). When this correlation was
followed-up for the different emotional conditions, we found a
correlation between SANS score and percentage correctly remem-
bered neutral (r¼0.386, p¼0.010) and positive (r¼0.485,
p¼0.001), but not negative stimuli (r¼0.273, p¼0.073). There
was no correlation between performance and either DART IQ,
Raven IQ, SWN, Chlorpromazine equivalent, PANSS total score or
SAPS score.
4. Discussion
We investigated the inﬂuence of emotion on short and long-
term verbal and visual memory in patients with recent onset
schizophrenia compared to healthy controls. We found that on all
tasks overall performance for FEP was signiﬁcantly below that of
healthy controls. There were differences between the tasks in the
way emotion modulated memory performance, but emotional
memory modulation did not differ between FEP and HC.
The overall memory impairments are in line with previous
ﬁndings in ﬁrst-episode psychosis patients (Mesholam-Gately et al.,
2009). Several studies have shown deterioration in verbal and visual
memory function in the ﬁrst three or four years after the ﬁrst-
episode psychosis (Frangou et al., 2008; Rodriguez-Sanchez et al.,
2013). Although we measured valence and arousal a day after the
ﬁrst presentation of the stimuli, the results are in line with previous
studies that demonstrated that patients with schizophrenia have
intact in-the-moment emotions when presented with different types
of emotional stimuli (Herbener, 2008), although there is evidence
that patients with schizophrenia cannot keep them over longer time
periods (Kring and Moran, 2008).
There were no impairments in EMM in FEP for both STM and
LTM. Similar EMM in patients with schizophrenia despite a general
memory deﬁcit have been reported previously (e.g. Harvey et al.,
2009; Whalley et al., 2009; Sergerie et al., 2010), but there are also
contradictory results (e.g. Herbener et al., 2007; Neumann et al.,
2007; Lakis et al., 2011). In a recent review (Dieleman and Roder,
2013), we concluded that these differences could be caused by
different study designs, therefore we examined STM and LTM in the
same group. However, we found no effects of delay on EMM.
Contrary to Herbener et al. (2007) who found that positive stimuli
did not enhance memory in patients with schizophrenia like in
healthy controls in visual LTM, we found no difference in emotional
visual LTM modulation. Herbener et al. (2007) examined chronic
schizophrenia patients, which suggests that deﬁcits in emotional
memory modulation debut further down the course of the disease.
We found differences in the increase of memory performance
between STM and LTM in the two groups with respect to visual but
not verbal stimuli. The increase in performance in HC was
signiﬁcantly bigger than in patients. This supports the hypothesis,
that in patients with schizophrenia the consolidation process is
impaired. This impairment seems more prominent in the visual
domain. Previous studies reported differences in EMM between
STM and LTM (Calev and Edelist, 1993; Hall et al., 2007). EMM was
similar in HC and patients for STM. For LTM reduced EMM in
chronic schizophrenia patients compared to HC was reported for
positive stimuli in both studies, but for negative stimuli only by
one (Hall et al., 2007). Both studies examined chronic patients and
included fewer participants than our study. This suggests, that
although FEP already have emotional and memory impairments,
these impairments only interact later in the course of the disease.
Another explanation could be that Hall et al. (2007) did not use
explicit memory instructions and found deﬁcits in EMM because
patients with schizophrenia have deﬁcits in automatically using
emotional content to enhance memory (Ranganath et al., 2008;
Dieleman and Roder, 2013).
Several studies have linked emotional memory deﬁcits to
negative symptoms (Calev and Edelist, 1993; Hall et al., 2007)
but only for long-term memory. We found a correlation between
negative symptom score and neutral and positive but not negative
visual STM. A recent meta-analysis (Kohler et al., 2010) also found
a negative relation between facial emotion perception and SANS
scores. A possible interpretation is that negative symptoms pre-
dominantly impair the experience of positive and neutral emo-
tions. However, this does not lead to a difference in EMM between
HC and FEP and was only present for visual STM and not for LTM
or verbal STM. Furthermore, most studies found no correlation
with either positive or negative symptoms (Dieleman and Roder,
2013). Several recent neuroimaging studies investigated activation
during emotional memory tasks in patients with schizophrenia
and while there is some evidence for reduced activation when
remembering negative pictures (Lakis et al., 2011), the circuitry
involved in emotional memory processing is intact in schizophre-
nia (Swart et al., 2013).
4.1. Limitations
Due to the heterogeneity in medication use it was not possible
to compare different antipsychotics. Despite the fairly large num-
ber of FEP and HC that participated in the study compared to the
other literature on EMM in schizophrenia, our study might have
been underpowered to detect more subtle differences in EMM.
Although the inclusion of only male ﬁrst episode patients may
make our results less generalizable to patients suffering from
schizophrenia in general, it makes them more speciﬁc to a large
part of the patients usually included in ﬁrst episode schizophrenia
programs.
Due to the broad research questions addressed in this study, we
cannot exclude possible interference between the results in the
four different memory domains. The STM recall of stimuli that had
to be remembered creates a learning effect for these stimuli,
making them easier to remember than the stimuli that were not
recalled. Furthermore, recall for verbal and visual STM was not
rated blindly and the recall of words is less ambiguous than
descriptions of photographs. It is also possible that the consolida-
tion processes for verbal and visual stimuli interfered with each
other and thereby diminished a possible EMM effect. This is
inherent to the present research question and furthermore it is
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important to notice that there were effects of emotion and these
did not differ between FEP and HC.
5. Conclusion
We investigated the inﬂuence of emotion on short and long-
term verbal and visual memory in patients witch recent onset
schizophrenia compared to healthy controls. We demonstrated
that although the way emotion modulates memory depends on
both stimulus type and delay, there is no difference between FEP
and HC in the way emotion modulates different memory domains.
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